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(54) POSITION-DETECTING METHOD AND MECHANISM THEREOF 




(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a position- 
detecting method and a position-detecting mechanism 
for detecting position on a spherical surface without 
causing increase in the size of a device or increase in 
complexity. 

SOLUTION: A position-detecting mechanism 1 
comprises a sphere 2 comprising a spherical surface 
21 on which a diffraction lattice is formed, a laser beam 
projecting means 3 for irradiating a laser beam 5 to the 
spherical surface 21, and a read means 4, which 
receives diffraction light 6 of the laser beam 5 which is 
diffracted with the diffraction lattice for reading its 
diffraction pattern. Based on the diffraction pattern, an 
irradiation point 24 of the laser beam 5 on the spherical 
surface 21 is detected. 



CLAIMS 



[Claim 1] The location detection approach characterized by detecting the location of the irradiating 

point of the laser light on said spherical surface by being the detection approach of the location in 

said spherical surface of the spherical-surface object which has the spherical surface, forming the 

diffraction grating in said spherical surface, irradiating laser light at said spherical surface, and 

reading the diffraction pattern of the diffracted light with a reading means. 

[Claim 2] Said spherical-surface object is the location detection approach [ pivotable in the direction 

of a single dimension ] according to claim 1 relative at least to the aforementioned reading means 

centering on the core of the ball which constitutes said spherical surface. 

[Claim 3] Said diffraction grating is the location detection approach according to claim 1 or 2 which 

consists of slots. 

[Claim 4] It is the location detection approach according to claim 1 to 3 which consists of two or 
more circles [ diffraction grating / said ] centering on said x axis when two straight lines which 
intersect perpendicularly at the core of the ball which constitutes said spherical surface are made 
into a x axis and the y-axis, respectively, and two or more circles centering on said y-axis. 
[Claim 5] Spacing of the diffraction grating of the shape of a circle centering on said x axis is the 
location detection approach according to claim 4 of changing along said direction of a x axis. 
[Claim 6] Spacing of the diffraction grating of the shape of a circle centering on said y-axis is the 
location detection approach according to claim 4 or 5 of changing along said direction of the y-axis. 
[Claim 7] The diameter of sphere which constitutes said spherical surface is the location detection 
approach according to claim 1 to 6 which is 0.05-1 000mm. 

[Claim 8] Said slot is the location detection approach according to claim 3 to 7 formed in the shape 
of a ctenidium. 

[Claim 9] Said slot is the location detection approach according to claim 3 to 7 formed in the shape 
of the teeth of a saw. 

[Claim 10] The aforementioned reading means is the location detection approach according to 
claim 1 to 9 which is what has a photo-electric-conversion means. 

[Claim 1 1] Said photo-electric-conversion means is the location detection approach according to 
claim 10 which is a photodetector array or an image sensor. 

[Claim 12] The beam diameter of said laser light is the location detection approach according to 
claim 1 to 11 which is 0.005-100mm. 

[Claim 13] The wavelength of said laser light is the location detection approach according to claim 
1 to 12 which is 0.4-1.7 micrometers. 

[Claim 14] The location detection approach according to claim 1 to 13 which condenses the 
diffraction pattern of said diffracted light by optical system, and is read with the aforementioned 
reading means. 

[Claim 15] The location detection approach according to claim 1 to 14 which irradiates said 
spherical surface by making said laser light into the parallel flux of light. 
[Claim 16] The location detection device characterized by to have the spherical-surface object 
which has the spherical surface in which the diffraction grating was formed, the laser Mitsuteru 
gunner stage which irradiates laser light at said spherical surface, and a reading means to receive 
the diffracted light of said laser light diffracted by said diffraction grating, and to read the diffraction 
pattern, and to detect the location of the irradiating point of said laser light on said spherical surface 



from said diffraction pattern. 

[Claim 1 7] Said spherical-surface object is a location detection device [ pivotable in the direction of 
a single dimension ] according to claim 16 relative at least to a laser Mitsuteru gunner stage and 
the aforementioned reading means centering on the core of the ball which constitutes said 
spherical surface. 

[Claim 18] Said diffraction grating is a location detection device according to claim 16 or 17 which 
consists of slots. 

[Claim 19] It is the location detection device according to claim 16 to 18 which consists of two or 
more circles [ diffraction grating / said ] centering on said x axis when two straight lines which 
intersect perpendicularly at the core of the ball which constitutes said spherical surface are made 
into a x axis and the y-axis, respectively, and two or more circles centering on said y-axis. 
[Claim 20] Spacing of the diffraction grating of the shape of a circle centering on said x axis is the 
location detection device according to claim 19 in which it is changing along said direction of a x 
axis. 

[Claim 21] Spacing of the diffraction grating of the shape of a circle centering on said y-axis is the 
location detection device according to claim 19 or 20 in which it is changing along said direction of 
the y-axis. 

[Claim 22] The diameter of sphere which constitutes said spherical surface is a location detection 
device according to claim 16 to 21 which is 0.05-1 000mm. 

[Claim 23] Said slot is a location detection device according to claim 18 to 22 formed in the shape 
of a ctenidium. 

[Claim 24] Said slot is a location detection device according to claim 18 to 23 formed in the shape 
of the teeth of a saw. 

[Claim 25] The aforementioned reading means is a location detection device according to claim 16 
to 24 which is what has a photo-electric-conversion means. 

[Claim 26] Said photo-electric-conversion means is a location detection device according to claim 
25 which is a photodetector array or an image sensor. 

[Claim 27] The beam diameter of said laser light is a location detection device according to claim 
16 to 26 which is 0.005-1 00mm. 

[Claim 28] The wavelength of said laser light is a location detection device according to claim 16 to 
27 which is 0.4-1 .7 micrometers. 

[Claim 29] The location detection device according to claim 16 to 28 in which it has the optical 
system which condenses said diffracted light diffracted on said spherical surface. 
[Claim 30] Said optical system is a location detection device according to claim 29 which makes 
said laser light which said laser Mitsuteru gunner stage emits the parallel flux of light, and irradiates 
said spherical-surface object. 



DETAILED DESCRIPTION 



[0001] 

[Field of the Invention] This invention relates to the location detection approach in the spherical 

surface of a spherical-surface object which has the spherical surface. 

[0002] 

[Description of the Prior Art] In recent years, the robot is used in various fields. A robot arm is 
mentioned as such a robot's example. Generally the encoder (especially rotary encoder) is used for 
the joint of a robot arm in order to control the motion. 

[0003] An encoder detects the rotation (include angle) of the arm centering on a joint, and such 
control of a motion of a joint is further performed by feeding back the result to an actuator etc. 
[0004] Drawing 19 is drawing showing the joint of a pivotable robot arm in 3 shaft orientations. 
Three encoders are used for this joint. 

[0005] Encoder 13a has the composition of having installed the rotor plate 14 with a slit fixed to the 
shaft 17 between the light emitting device 15 and the photo detector 16. When rotating the rotor 
plate 14 with a slit and the optical path and slit 141 of light which were irradiated lap, the irradiated 
light is received by the photo detector 16, but when other, light is intercepted and is not received by 
the photo detector 16. Thus, the count of light-receiving of a photo detector 16 is detected, and 
angle of rotation of the rotor plate 14 with a slit is called for from the result. The count of light- 
receiving of a photo detector is similarly detected about Encoders 13b and 13c, and angle of 
rotation of a rotor plate with a slit is called for. 

[0006] Thus, since three or more encoders needed to be used for 3 shaft orientations in the robot 
arm which has a pivotable joint, it enlarged and complicated and the miniaturization of equipment 
was difficult for the structure of the whole equipment. 
[0007] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is an easy configuration 
and is to offer the location detection approach and location detection device which enable detection 
of the location on the spherical surface. 
[0008] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) - 
(30). 

[0009] (1) The location detection approach characterized by detecting the location of the irradiating 

point of the laser light on said spherical surface by being the detection approach of the location in 

said spherical surface of the spherical-surface object which has the spherical surface, forming the 

diffraction grating in said spherical surface, irradiating laser light at said spherical surface, and 

reading the diffraction pattern of the diffracted light with a reading means. 

[0010] (2) Said spherical-surface object is the location detection approach given in the above (1) 

pivotable in the direction of a single dimension relative at least to the aforementioned reading 

means centering on the core of the ball which constitutes said spherical surface. 

[001 1] (3) Said diffraction grating is the location detection approach the above (1) which consists of 

slots, or given in (2). 

[0012] (4) It is the location detection approach given in the above (1) thru/or either of (3) which 
consists of two or more circles [ diffraction grating / said ] centering on said x axis when two 
straight lines which intersect perpendicularly at the core of the ball which constitutes said spherical 
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surface are made into a x axis and the y-axis, respectively, and two or more circles centering on 
said y-axis. 

[0013] (5) Spacing of the diffraction grating of the shape of a circle centering on said x axis is the 
location detection approach given in the above (4) which is changing along said direction of a x 
axis. 

[0014] (6) Spacing of the diffraction grating of the shape of a circle centering on said y-axis is the 
location detection approach the above (4) which is changing along said direction of the y-axis, or 
given in (5). 

[0015] (7) The diameter of sphere which constitutes said spherical surface is the location detection 
approach the above (1) which is 0.05-1 000mm thru/or given in either of (6). 
[0016] (8) Said slot is the location detection approach the above (3) formed in the shape of a 
ctenidium thru/or given in either of (7). 

[0017] (9) Said slot is the location detection approach the above (3) formed in the shape of the 
teeth of a saw thru/or given in either of (7). 

[0018] (10) The aforementioned reading means is the location detection approach the above (1) 
which is what has a photo-electric-conversion means thru/or given in either of (9). 
[0019] (11) Said photo-electric-conversion means is the location detection approach given in the 
above (10) which is a photodetector array or an image sensor. 

[0020] (12) The beam diameter of said laser light is the location detection approach the above (1) 
which is 0.005-1 00mm thru/or given in either of (1 1). 

[0021] (13) The wavelength of said laser light is the location detection approach the above (1) 
which is 0.4-1 .7 micrometers thru/or given in either of (1 2). 

[0022] (14) The above (1) which condenses the diffraction pattern of said diffracted light by optical 
system, and is read with the aforementioned reading means thru/or the location detection approach 
given in either of (13). 

[0023] (15) The above (1) which irradiates said spherical surface by making said laser light into the 
parallel flux of light thru/or the location detection approach given in either of (14). 
[0024] (16) The location detection device characterized by to have the spherical-surface object 
which has the spherical surface in which the diffraction grating was formed, the laser Mitsuteru 
gunner stage which irradiates laser light at said spherical surface, and a reading means to receive 
the diffracted light of said laser light diffracted by said diffraction grating, and to read the diffraction 
pattern, and to detect the location of the irradiating point of said laser light on said spherical surface 
from said diffraction pattern. 

[0025] (17) Said spherical-surface object is a location detection device given in the above (16) 
pivotable in the direction of a single dimension relative at least to a laser Mitsuteru gunner stage 
and the aforementioned reading means centering on the core of the ball which constitutes said 
spherical surface. 

[0026] (18) Said diffraction grating is a location detection device the above (16) which consists of 
slots, or given in (17). 

[0027] (19) It is a location detection device given in the above (16) thru/or either of (18) which 
consists of two or more circles [ diffraction grating / said ] centering on said x axis when two 
straight lines which intersect perpendicularly at the core of the ball which constitutes said spherical 
surface are made into a x axis and the y-axis, respectively, and two or more circles centering on 
said y-axis. 

[0028] (20) Spacing of the diffraction grating of the shape of a circle centering on said x axis is a 
location detection device given in the above (19) which is changing along said direction of a x axis. 
[0029] (21) Spacing of the diffraction grating of the shape of a circle centering on said y-axis is a 



location detection device the above (19) which is changing along said direction of the y-axis, or 
given in (20). 

[0030] (22) The diameter of sphere which constitutes said spherical surface is a location detection 
device the above (16) which is 0.05-1 000mm thru/or given in either of (21). 
[0031] (23) Said slot is a location detection device the above (18) formed in the shape of a 
ctenidium thru/or given in either of (22). 

[0032] (24) Said slot is a location detection device the above (18) formed in the shape of the teeth 
of a saw thru/or given in either of (23). 

[0033] (25) The aforementioned reading means is a location detection device the above (16) which 
is what has a photo-electric-conversion means thru/or given in either of (24). 
[0034] (26) Said photo-electric-conversion means is a location detection device given in the above 
(25) which is a photodetector array or an image sensor. 

[0035] (27) The beam diameter of said laser light is a location detection device the above (16) 
which is 0.005-1 00mm thru/or given in either of (26). 

[0036] (28) The wavelength of said laser light is a location detection device the above (16) which is 
0.4-1 .7 micrometers thru/or given in either of (27). 

[0037] (29) The above (16) which has the optical system which condenses said diffracted light 
diffracted on said spherical surface thru/or a location detection device given in either of (28). 
[0038] (30) Said optical system is a location detection device given in the above (29) which makes 
said laser light which said laser Mitsuteru gunner stage emits the parallel flux of light, and irradiates 
said spherical-surface object. 
[0039] 

[Embodiment of the Invention] Hereafter, it explains to a detail based on the suitable operation 
gestalt which shows the location detection approach and location detection device of this invention 
to an accompanying drawing. 

[0040] Drawing 1 is the perspective view showing the operation gestalt of the location detection 
device of this invention. In addition, the direction which goes the direction which goes the direction 
which goes to right-hand side from the left-hand side in drawing 1 to a space near side from a 
"direction of x axis" and space back side from the bottom to "the direction of the y-axis" and the 
bottom is explained as "a direction of the z-axis." 

[0041] As shown in drawing 1 , the location detection device 1 of this invention consists of a 
spherical-surface object 2, a laser radiation means 3, and a reading means 4. 
[0042] The spherical-surface object 2 has the spherical surface 21 on the front face. The spherical- 
surface object 2 may be hollow, or may be a solid. 

[0043] Although especially the diameter of sphere that constitutes the spherical surface 21 is not 
limited, it is desirable that it is 0.05-1 000mm, and it is more desirable that it is 0.5-1 00mm. 
[0044] The spherical-surface object 2 is relatively installed pivotable to the laser radiation means 3 
and the reading means 4 centering on the core (point O) of the ball which constitutes the spherical 
surface 21 . Which a well-known thing is sufficient as the supporting structure of the spherical- 
surface object 2, for example, the curve concave surface corresponding to the spherical surface 21 
is formed, the spherical-surface object 2 fits into this curve concave surface, and the structure held 
pivotable is mentioned. 

[0045] The diffraction grating is formed on the spherical surface 21 which is a front face of the 
spherical-surface object 2. For this reason, if the laser light (incident light to the spherical surface) 5 
is irradiated from a laser radiation means 3 to mention later, to the spherical surface 21, the laser 
light 5 will be diffracted by the diffraction grating in the irradiating point 24, and the diffracted light 
(Hikaru Idei from the spherical surface) 6 of the laser light 5 will be projected on the light-receiving 



side 41 of the reading means 4. 

[0046] When three shafts which intersect perpendicularly at Point 0 are made into a x axis, the y- 
axis, and the z-axis, the diffraction grating consists of a slot 22 of two or more shape of a circle 
centering on a x axis, and a slot 23 of two or more shape of a circle centering on the y-axis. 
[0047] The pitch is dwindling the slot 22 along the direction of a x axis (going to +x from -x). The 
pitch is dwindling the slot 23 along the direction of the y-axis (- going to +y from y) similarly. In 
addition, even if the rate of change of the pitch of a slot 22 and the rate of change of a slot 23 are 
the same, you may differ. 

[0048] Although what kind of thing is sufficient as it as long as the cross-section configuration of a 
slot (a slot 22 and slot 23) produces the diffracted light at the irradiating point 24, the thing (laminar 
grating) of the shape of a ctenidium as shown in drawing 2 , the thing (blazed grid) of the shape of 
the teeth of a saw as shown in drawing 3 , etc. are mentioned, for example. 
[0049] You may differ, even if the cross-section configuration of a slot 22 and the cross-section 
configuration of a slot 23 are the same. 

[0050] Although especially the pitch P of a slot 22 and a slot 23 is not limited, when wavelength of 
laser light is set to lambdamum, it is desirable that it is 1.1lambda-10lambdamum, and it is more 
desirable that it is 1.4lambda-10lambdamum. 

[0051] Since an angle of diffraction theta 1 becomes it large that the pitch P of a slot is under a 
lower limit depending on the wavelength of laser light, spacing of the spot of the diffracted light 6 
which appears on the light-receiving side 41 of the reading means 4 becomes large. For this 
reason, in order to read the diffraction pattern of the diffracted light 6, area of the light-receiving 
side 41 of the reading means 4 must be enlarged, and enlargement of equipment may be caused. 
[0052] On the other hand, if the pitch P of a slot exceeds a upper limit, since spacing of the spot of 
the diffracted light 6 which appears on the light-receiving side 41 of the reading means 4 will 
become small, the reading precision of the diffraction pattern of the diffracted light 6 in the reading 
means 4 may fall. 

[0053] Although it is not limited, when the refractive index of the medium near the front face of 
lambdamum and a spherical-surface object is set to n for the wavelength of laser light, as for 
especially depth-of-flute D, it is desirable that it is 0.15 lambda/n - 2.2 lambda/n [mum], and it is 
more desirable that it is 0.2 lambda/n - 0.6 lambda/n [mum]. 

[0054] Moreover, when the cross-section configuration of a slot is a ctenidium-like, among drawing 
3 , the blazed angle shown by theta 2 is prescribed by theta2=tan-1 (D/P), and becomes settled in 
the above-mentioned pitch P and depth-of-flute D of a slot. 

[0055] These values are with a slot 22 and a slot 23, and even if the same, they may differ. 
Although what kind of thing is sufficient as the formation approach of a slot, a machine marked line 
method, 2 flux-of-light interference method, the etching method, a replica method, etc. are 
mentioned, for example. 

[0056] The laser Mitsuteru gunner stage 3 is a means for irradiating the laser light 5 on the 
spherical surface 21 of the spherical-surface object 2. The laser light 5 irradiated by the spherical 
surface 21 from the laser Mitsuteru gunner stage 3 is generated in the laser light source 51 . 
[0057] the light-receiving side 41 of the reading means 4 which the laser light 5 mentions later - it 
irradiates as the parallel flux of light from a center mostly. 

[0058] In addition, the configuration which it installs in somewhere else and is irradiated using light 
guide means, such as an optical fiber, is sufficient as the light source. 
[0059] The laser light 5 irradiated may be continuation light, or may be pulsed light. As a class of 
laser light 5, although gas laser (C02 laser etc.), solid state laser, dye laser, semiconductor laser, 
etc. are mentioned for example, it is desirable that it is semiconductor laser also especially in it. 




[0060] Although the beam diameter of the laser light 5 changes a little with the pitches P of a slot, 
wavelength of the laser light 5, etc. which were formed on the spherical surface 21, it is desirable 
that it is 0.005-1 00mm, and it is more desirable that it is 0.01 -3mm. 

[0061] The diffraction pattern of the diffracted light 6 may be unable to be certainly read with the 
reading means 4 with the pitch P of a slot etc. as the beam diameter of the laser light 5 is under a 
lower limit. 

[0062] On the other hand, if the beam diameter of the laser light 5 exceeds a upper limit, the area 
of the irradiating point 24 that the laser light 5 is irradiated may become large, the lap of the 
diffracted light 6 may become remarkable, and reading of the diffraction pattern of the diffracted 
light 6 irradiated on the light-receiving side 41 of the reading means 4 may become difficult. 
[0063] Although the wavelength of the laser light 5 changes a little with pitches P of a slot etc., it is 
desirable that it is 0.4-1.7 micrometers, and it is more desirable that it is 0.6-1.6 micrometers. 
[0064] Although especially the incident angle (angle of the normal of the spherical surface 21 in the 
irradiating point 24 and the direction of incidence of the laser light 5 to make) of the laser light 5 is 
not limited, it is desirable that it is 45 degrees or less, it is more desirable that it is 20 degrees or 
less, and it is still more desirable that it is about 0 degree (vertical incidence). 
[0065] The reading means 4 receives the diffracted light 6 produced by diffracting the laser light 5 
which carried out incidence to the irradiating point 24 by the diffraction grating in respect of [ 41 ] 
the light-receiving, and has the function to read the diffraction pattern. 

[0066] The effective light-receiving field of the light-receiving side 41 of the reading means 4 should 
just be the magnitude which can include and read the diffraction pattern of the diffracted light 6 
corresponding to them about all the points of the spherical surface 21. 
[0067] As for the reading means 4, it is desirable that it is what has a photo-electric-conversion 
means. As for a photo-electric-conversion means, it is desirable that they are a photodetector array 
(PDA) and an image sensor (CCD). As a photo-electric-conversion means, improvement in the 
miniaturization of equipment and the detection precision of the diffracted light 6 etc. is attained by 
using a photodetector array (PDA) and an image sensor (CCD). 

[0068] Next, correlation with the pattern of the diffraction grating formed on the spherical surface 21 
and the diffraction pattern of the diffracted light 6 which the light-receiving side 41 of the reading 
means 4 receives is explained. Correlation with the pattern of the diffraction grating in each point 
shown with Point A, Point B, Point C, and Point D and its near and the diffraction pattern of the 
diffracted light 6 which the light-receiving side 41 of the reading means 4 receives is explained 
among drawing 1 . Point A is a point on a y-z flat surface, and Point D is a point on a x-y flat 
surface. Moreover, Point B and Point C are in the location of the symmetry about a x-y flat surface. 
[0069] First, it has the shape of a ctenidium as the cross-section configuration of a slot 22 and a 
slot 23 shows to drawing 2 , and correlation with the pattern of the diffraction grating formed in the 
point A on the spherical surface 21 at the time of making the incident angle of laser light into 0 
degree - Point D, and its near and the diffraction pattern of the diffracted light 6 which the light- 
receiving side 41 of the reading means 4 receives is explained. 

[0070] When the incident angle of laser light is made into about 0 degree, as shown in drawing 2 , 
in the diffraction grating which has the cross-section configuration of the shape of such a 
ctenidium, the primary [ -] diffracted light occurs with the primary [ +] diffracted light. In addition, the 
diffracted light whose absolute value of a degree is two or more is omitted and explained. 
[0071] As shown in drawing 4 , in near point A, the slot 22 and the slot 23 lie at right angles mostly. 
It seems that therefore, the diffraction pattern of the diffracted light 6 obtained when Point A is 
irradiated with the laser light 5 is shown in drawing 5 . 

[0072] Moreover, in near point B, as shown in drawing 6 , it crosses in the form where a slot 22 and 



a slot 23 correspond each side of a parallelogram. It seems that therefore, the diffraction pattern of 
the diffracted light 6 obtained when Point B is irradiated with the laser light 5 is shown in drawing 7 

* 

[0073] Similarly, as near point C is shown in drawing 8 , it crosses in the form where a slot 22 and 
a slot 23 correspond each side of a parallelogram. It seems that the diffraction pattern of the 
diffracted light 6 obtained when Point C is irradiated with the laser light 5 is shown in drawing 9 . 
[0074] That is, the diffraction pattern obtained when Point C is irradiated with the laser light 5 has 
the diffraction pattern and mirror image relation which are obtained when Point B is irradiated with 
the laser light 5, and cannot be piled up by rotation. Therefore, the diffraction pattern of the 
diffracted light 6 enables it to distinguish Point B and Point C. 

[0075] Near point D, as shown in drawing 10 , the slot 22 and the slot 23 are almost parallel. 
Therefore, the diffraction pattern of the diffracted light 6 obtained when Point D is irradiated with 
the laser light 5 is observed as a point located in a line on about 1 straight line, as shown in 
drawing 1 1 . 

[0076] Next, it be the diffraction grating ( blazed grid) of the shape of the teeth of a saw as the 
cross section configuration of a slot ( a slot 22 and slot 23) show to drawing 3 , and correlation with 
the pattern of the diffraction grating formed in the point A on the spherical surface 21 at the time of 
make the incident angle of laser light into 0 degree - Point D, and its near and the diffraction 
pattern of the diffracted light 6 which the light-receiving side 41 of the reading means 4 receive be 
explain. 

[0077] In the blazed grid which has the blazed angle theta 2 of a certain specific range, although 
the +primary diffracted light 61 is generated as shown in drawing 3 when the incident angle of laser 
light is made into about 0 degree, the -primary diffracted light 62 is not generated. Therefore, the 
diffraction pattern of the diffracted light 6 obtained when Point A - Point D are irradiated with the 
laser light 5 comes to be shown in drawing 1 2 - drawing 1 5 , respectively. 
[0078] Thus, since the number of the spots of the diffracted light which appears on the light- 
receiving side 41 of the reading means 4 decreases, data processing by CPU mentioned later can 
be simplified. 

[0079] Detection of the location on the spherical surface 21 using correlation with the configuration 
of the diffraction grating in each point on such the spherical surface 21 and the diffraction pattern of 
the diffracted light 6 which the reading means 4 receives is performed as follows, for example. 
[0080] The memory in which the correlation of the configuration of the diffraction grating in each 
point on the spherical surface 21 (each point of the spherical surface 21 set up on the spherical 
surface 21 so that the whole might be covered mostly), and the diffraction pattern of the 
corresponding diffracted light 6 was beforehand built by CPU etc. is made to memorize, and the 
database is built (table-izing). 

[0081] If the laser light 5 is turned to the spherical-surface object 2 and irradiated from the laser 
Mitsuteru gunner stage 3 in such the condition, the laser light 5 will be diffracted by the spherical 
surface 21, and the diffracted light 6 of the laser light 5 will be projected on the light-receiving side 
41 of the reading means 4. Photo electric conversion of the diffraction pattern of the diffracted light 
6 projected on the light-receiving side 41 is earned out, and the outputted signal is inputted into 
CPU etc. 

[0082] The inputted signal is collated with said database beforehand memorized by memory, and 
the irradiating point 24 is specified by searching the data with which it agrees in a database 
(detection). 

[0083] As mentioned above, although how to detect one on the spherical surface 21 was 
explained, according to this invention, the irradiating point 24 on the revolving spherical surface 21 



is also detectable on real time. As the example, the laser light 5 is intermittently irradiated as 
pulsed light, and the method of detecting the diffraction pattern of the diffracted light 6 projected on 
the light-receiving side 41 of the reading means 4 synchronous with said pulsed light is mentioned. 
By performing such detection (continuous detection), it becomes possible to specify the hand of cut 
of a spherical-surface object, rotation distance, rotational speed, etc. 

[0084] Drawing 16 is drawing showing other operation gestalten of the location detection device of 
this invention. The location detection device 1 shown in drawing 16 is hereafter explained focusing 
on difference with the above-mentioned operation gestalt, and the explanation is omitted about the 
same matter. 

[0085] The laser light 5 emitted from the laser Mitsuteru gunner stage 3 is emission light (spherical 
wave). Moreover, by the location detection device 1 of this operation gestalt, the optical system 
which consists of lens (lens system) 18 grades is installed between the spherical-surface object 2 
and the reading means 4. 

[0086] Although the light emitted from the laser Mitsuteru gunner stage 3 is emission light, this light 
is made into the parallel flux of light with a lens 18, and this parallel flux of light is irradiated by the 
spherical surface 21 . Moreover, it is condensed with a lens 18 and the diffracted light 6 of the laser 
light 5 diffracted at the irradiating point of the spherical surface 21 is projected on the light-receiving 
side 41 of the reading means 4. 

[0087] Thus, the lens 18 has simulataneously the function as a collimator lens which makes laser 
light 5 the parallel flux of light, and the function as a condenser lens which condenses the diffracted 
light 6, projects on the light-receiving side 41 , and makes small the spot of the diffracted light 6 on 
the light-receiving side 41 (it is made Sharp). Therefore, the reading precision of the diffraction 
pattern in the reading means 4 can be raised with an easy configuration. 
[0088] Next, the application using the location detection approach of this invention and a location 
detection device is explained based on drawing 17 and drawing 18 . 
[0089] Drawing 1 7 is drawing showing the application which used for the joint of a robot arm the 
location detection device of this invention shown in drawing 1 and drawing 3 . 
[0090] The robot arm 7 consists of the 1st arm 9, the 2nd arm 10, an actuator 1 1 , and an above- 
mentioned location detection device 1 . The spherical-surface object 2 is being fixed to the 1st arm 

9, and the laser Mitsuteru gunner stage 3 and the reading means 4 are being fixed to the 2nd arm 

10. Moreover, the 2nd arm 10 is rotatable in the direction of arbitration centering on the core of the 
ball which is a joint 8 and constitutes the spherical surface 21 of the spherical-surface object 2 with 
an actuator 11. 

[0091] When the laser light 5 (pulsed light) is irradiated towards the spherical-surface object 2 from 
the laser Mitsuteru gunner stage 3, the laser light 5 is diffracted by the spherical surface 21 , and 
the diffracted light 6 is projected on the light-receiving side 41 of the reading means 4. From the 
diffraction pattern of the diffracted light 6, the irradiating point 24 is specified by approach which 
was mentioned above (detection). 

[0092] Thus, it becomes possible by detecting one on the spherical surface 21 as an irradiating 
point 24 to specify the sense of the 2nd arm 10 in the condition, an include angle, etc. Therefore, 
initialization at the time of initiation of operation (zero return) becomes unnecessary. 
[0093] Moreover, if an actuator 1 1 rotates the 2nd arm 10 where the laser light 5 is irradiated at the 
spherical surface 21, the diffraction pattern of the diffracted light 6 which the light-receiving side 41 
of the reading means 4 receives will change. Detection of the irradiating point 24 is performed from 
the diffraction pattern of this diffracted light 6. By repeating specification of such an irradiating point 
and performing it, the relative hand of cut of the spherical-surface object 2, rotation distance, 
rotational speed, etc. are called for. Thereby, the hand of cut of the 2nd arm, rotation distance, 



rotational speed, etc. are called for. Such information is fed back to actuation of an actuator 1 1 . 
This becomes possible to control actuation of the 2nd arm 10 automatically. 
[0094] In the robot arm 7 using such a location detection device 1 , since two or more location 
detection devices are not needed even if it is the case where three-dimensions-actuation (for 
example, rotation to three directions centering on the x axis, the y-axis, and the z-axis in drawing 1 
) is performed, enlargement of equipment and complication can be prevented. 
[0095] Drawing 18 is drawing showing the application which used for the pen (input means for 
computers) 12 the location detection device of this invention shown in drawing 1 and drawing 3 . 
[0096] A pen 12 has casing 121, the spherical-surface object 2 which functions as a nib, the laser 
radiation means 3, and the reading means 4. An attaching part 122 is formed in the point of a pen 
12, and the spherical-surface object 2 is held pivotable at this attaching part 122. The laser 
radiation means 3 and the reading means 4 are contained in casing 121. 
[0097] A pen 12 is in the condition which irradiated the laser light 5 (pulsed light) at the spherical 
surface 21, and is used by making it rotate, pressing the spherical-surface object 2 in space etc. At 
this time, the diffraction pattern of the diffracted light 6 which the light-receiving side 41 of the 
reading means 4 receives changes continuously. The hand of cut of the spherical-surface object 2, 
rotation distance, etc. can be found by repeating detection of the irradiating point 24 and 
performing it from these diffraction patterns. Thereby, it can ask for the migration locus of a nib. 
[0098] Thus, the acquired information may be displayed on CRT etc. if needed. Moreover, such 
structure may be used for input means for computers, such as a mouse. 
[0099] Thus, in this invention, since detection of the location by the diffraction of laser light is used, 
it is possible to perform location detection in case it is not accompanied by enlargement of 
equipment and complication but complicated actuation of the rotation to 3 shaft orientations of the 
spherical surface etc. is performed. Therefore, the application to the equipment with which a 
miniaturization like this operation gestalt and lightweight-ization are called for is also possible. 
[0100] As shown in these applications, it is also possible for pinpointing the location on the 
spherical surface itself to use not the last purpose but the-like secondary information acquired from 
the positional information on the detected spherical surface 21 (single or continuous positional 
information). 

[0101] Moreover, although the two above-mentioned examples were given as an application, the 
application of this invention is not limited to these. 

[0102] As mentioned above, although the operation gestalt of illustration of the location detection 
approach and location detection device of this invention was explained, this invention is not limited 
to these and it can permute by the thing of the configuration of the component of a location 
detection device, and the arbitration which can demonstrate the effectiveness that especially a 
spherical-surface object is the same, and structure. 

[0103] For example, the spherical-surface object should just have the spherical surface on a part of 
the front face [ at least ] like the shape of a semi-sphere. 

[0104] Moreover, the slot which constitutes the diffraction grating formed on the spherical surface 
may be the thing of what kind of configuration, for example, may consist of two or more circles 
centering on a x axis, two or more circles centering on the y-axis, and two or more circles centering 
on the z-axis. Moreover, a part of slot [ at least ] formed on the spherical surface may consist of 
two or more semicircles (a semicircle like the circles of longitude of a globe) drawn by connecting 
two points which separated most mutually on the spherical surface. 
[0105] 

[Effect of the Invention] As stated above, according to the location detection approach and location 
detection device of this invention, it becomes possible to detect the location on the spherical 



surface, without being accompanied by enlargement of equipment, and complication. 
[0106] Moreover, the absolute location of not only a relative location but a spherical-surface object 
can be defined by making the pattern of the diffraction grating in spherical-surface-like each point, 
and the diffraction pattern of the diffracted light which the light-receiving side of a reading means 
receives correspond by 1 to 1 . Therefore, the absolute location of the spherical surface can be 
pinpointed in the equipment using the location detection device of this invention etc., without 
initializing at the time of initiation of operation (zero recursion). 

[0107] Furthermore, since it is possible to be a comparatively e_asy configuration and to perform 
location detection at the time of complicated actuation like the rotation to 3 shaft orientations of the 
spherical surface, without being accompanied by enlargement of equipment and complication, the 
application to all equipments of all fields, such as a robot's joint, a computer input unit, various 
sensors, and a measuring machine machine, is also possible. 
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[0 0 7 0] u— if— 5tOAtt^^^^0° 

[0 0 7 1] HI 4 (^ti 9 t- v &Attmz&\,*Xt± % 
St2 2 t»2 3 tfim&m&l-X^Z. Lfc^oT, ^ 
A u— if — % 5 -CJS Jt Lfc t # btbS IllJr* 6 <D 
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_Ji* 



[0072] ~£fc &Btfi&\cio\,^x\*^ m 6 ICT^-fX 

o\z, m2 2b&2 3b&sFffwmi&cofrmiz*ti&'+z> 
* 5 -CM** ufc ^ # tbtizmmyt 6 * — :x 

[0 0 7 3] RltRlC, jftCW-iSlcfev^Ttt, gl8tc^i" 
<tp{ci, 812 2 tSf2 3 fc*5Wiaia»0*5ZZK:« , a:i- 

[0 0 7 4] 1~ft:b*>. ^C^rU-if-3t5TffigltUfc 
b£l£&btlZ>E&T'<* — >fo. J&B&l — • if— 5fe5"C 

*rt-*ri:a«flfci:ftfi. 

[0 0 7 5] J&Dfl-jft-Ctt. Hi 0fC^-TJ:5tC. ^2 
2 btil2 3 &*S|2f£3PfflCftoTt^S. LfcdSoT. j& 
D & U— if — 3fc 5 "CJSJt Lfc t S <bft<5 0^ 6 © 

[0076] m m2 2&xxm2 3) nm^m 

XKftfl -OfctK i'— If— #<Z>Alta«r0 o 
Mf&£tltil[3&T&*<0'** — >b* »t4 0^ffi 

4 l3ftS363fc-*"5laI*f*6«>lHl#f^— >b<Ol®m^^ 

[0 0 7 7] &Z>&m<Dlfcm<D7l<'—X}tn0 2 $:m~f 

Z>zfu— XKte^lc*sv>TfS, u— if— #OA&hfc£rJJ 
#0° <bb*:#£\ 0 3 iCi^T J: 5 + I#c[nl#r3t6 

lttis^-rs^. -i*iaiff*6 2tt»&uftv\ ^<d 
^^[Hi^f3t6o[Hi^^— ^j± N -ttt^ttia i2~0i 

[0 0 7 8] rcDj; B^S4<Og3fe®4 1±i: 

[0 0 7 9] ClOi: 5*«ffi2 l±<D&j&tC&tfZ>m$t 
^^ — V^O^gi^J^Ufc^® 2 1 i^)f I(D^Hi 
[0 0 8 0] ^£>, 2 1±<D&& (Ifc®2 lOliff 

>-b<DmmM&%cpumziHm£frtz**v Kia«$ 

it. x— ^-<— x*m9k ("r— ^/Hb) LT:fc< e 
[0 0 8 1] ro^WIt, l — 1F— #JMt^«3 
d^u~1f-*5S:*ffitf 2lc^»trfl8«i--5i:. 



■tf— *5tt, «ffi2 lT?@Sf$*l, U— if— }fc5<D[pJ#r 

#6as«f*»4a>g3te©4 itc««Six-5. Sftffi4 

[0082] At}^titcm-^\^ j-frt^v ictaig^n 

TV^StrSBf 1 — ^^<— ^JiS^ft, -r— 

[0 0 8 3] £AJi. J$®2 l±Ol^Srftfflt5^ic 
ov^TRWLfcdS. *»W{dJ:tttf. lHEL,"Ci^<5SRffi 

2 i ±^>^*t^ 24^y tvw>t Mcfem-tz z t bx 

tSo *KD— Mt LT, I/— tf— 3fc5£^/w;*#;£ It 
m^WfeflMtU ^#©4<oS3te©4 lidS»$tt^ 

[0 0 84] EJ 1 6 W\ *&w<DW£&mm<oi&<o$?; 

Mi&m&JF'fmx&Zo ^t, mi 6tc^*r^^w^ 

[0 0 8 5] U— If— *fiSM^S3^e>^-fr6tt5^ 

if— *5ri, -c*>5o ^fe. 

«<ote«*tij«fl| l T*fi. 3^®^ 2 bK9L^gt4 b <om 
[0 0 8 6] u— if— 3t*lt^©3d^**?>nfc*W: 

3^® 2 1 (^Mtt^-eiU^f ^ tltz U— if — * 5 CO{Hl^f * 6 

W\ i/^Xi 8tcj:9m^;^tL, R5i¥-® 4 og3feffi 4 

[0 0 8 7] r COi 9 UVXl8fi N if— J£5 

[0 0 8 8] *»woffi«tttij^rfe, <4@^aia 

[00 8 9] 11711 §1 *5 it^H 3 {C^-T^^P^O 

[0 0 9 0] nj^s/hr— A7li, Sl7-A9t, » 
2T-A1 Oh T^^-* 1 1 fc, Str»OffiBtft 

mmmi bxmtftztix^Zo $ir^9i:n 

*2ds©3esttr*J9, $2 7-Aioi;^ u— if- 
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%2T—J* 1 Of*, T?^=l^—? 1 1 {C£*)mB8 

[oo9ii i?—ytmft^g:3t)>tbmm{b2\£fatf 

Ti/-1f-^5 (^Vw*3fe) if— 
3fe 5 1*3$® 2 1 -ClEl^f £ ft, 0£r3fc 6 4 (D§ 

3M4 1 lC&f2£*LSo (Dmtit^Z — l/frb. 

So 

[0 0 9 2] roj;9l:iT, M2lJ:^lMlt 
A2 4 tLXW>m£tlZZt\Z£V^ ^Otftf&t^ttS 

[0 0 9 3] £fc, 1f-}£5£3®2 1 IzWMLrtc 
tttt-C, TZ^^^—Z 1 1^2 7- Al 0§r[eJiffc£ 
i*:S£, ^W^4(^S3t®4 1^3t-TS(H]^f3t6co 

~thh<Dffinfc, T9<$-^—z worn 

0 0>»ftsSr £ BrtBfPi-* - 1 * s pTIM £ ft So 
[0 0 9 4] r<Dj:5ftffi«ttffl»«lS:^V^nsKy 

hr-^7icjov>rii, =fc5Gttft»fls (#jx.tf, Hi 

T-^So 

[0095] m i 8 hi *3£x*m 3 m**-r*»w<D 

[0 0 9 6] 1 2 ft, <5r — »^1 21t, ^<^3fe 

*5*5r*(cfiy*$ixTi^ 0 U-— if-J8tt^&3 

©4.fctt, <$r— iXV^l 2 1 ftfaiX#3£;h/^S e 

[0 0 9 7] ^1 2fi, u--1f— 3fc5 (^A- 

*3fe) 2 1 l>tzVtnx^ 3&®#2£r&raft 

^flffiLft^&HCS-frSr fcJc.J;9«ffl*nSo ^ 

4 tf>S3fcffi 4 idsS3tr5IiISr3t6<o 

[0 0 9 8] £©J:5teLT#&jftfcflMtt*, 



.CRT*fc**S*bTfcJ:v\ ro«fc5ft 
[0 0 9 9] doizptc, *3BW»C*JV^tt. k— if— 

[oioo] ztib<o&mm\zijk\^ft&5\z r &m±<& 

tt«*»«i-5ri:a«cdS*»B«j-cft<, &m£ftfc 

a>&#&Jh,a 2*»ftflm«rM«i-a r £ t «rt&-c& 

So 

[0101] f&mWt I.X ±%Z<D 2M&mftc 

*38W<offi3*tt, cftkKi&^£ftSt>o-mft 

[0 10 2] *»WOffi«tfcW*ife*5J:t«lr«« 

[0103] miLiX* »m»YX* 5fc, ^<^> 

^®o^ft< 1 1>— ffKC9K9«r4rurv^rS J;v\ 
[0 10 4] ^/t, «DiJit2:?grt$tL3itlHl*r»^Sr«* 

©■Cfcottiv^ ^fc, #ffi±Jc*j«Sixfc*o^ft 

<ir^>~ ^®±^SV^^^tufc2^C^^r 
[0 10 5] 

Sr^fc-f i^*©±(Dffi©$r«imi-S r tt^mt ft So 

[0 10 6] *yb, 3^®^0#^{C*5ttSlHl?f*^(D^ 
^-Vir^l^flT^J^^^rSC^tcit). tB^ft^r 

®o^ft^>-f, 3$®#©ite#toftteg£Jt£>s r t^-c 

^So *<otztb^ *ftm<D&mikmmm&m^itmmt§ 

tft<, «ffio«Wj-flrKSr«pST?#5 0 
[0 10 7] «*{fc«rm>r 

5 fta*tfti&ff^ffi«ttffl*t? p r ^ as pT^x^so 

■c, hoii®, ^vi^^— ^A^g, &m-t> 

^^rtg-e^So 
[issotffi^ftm^] 
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-rmx&z> 0 

[ID 3] *ffi#o«ffi±lcj^j*$ixfclHl*f»^-<o»fffijg 

m ^Tjk-rm x &> s 0 

me] mi iz^*£ffitt;<Dmfc±.<D&Bttj&\z&i'tz> 
im7] mi \^-rmmi^(Dmm±(Dj^Bizm^^titz 

* — >- ^ -r ID X 5 o 

[ids ] id 1 K7F-?&mfc<D$tm±<Dj&cttmc*$vz> 

[Bill Bl {-^-r^ffi^o3^®±(D^D{c:^tt$tt 
[mi 2 ] ID 1 tc^-r^®#:o^@_bo^CA{c: fis.lt £ti 

[mi 3] idi \^Tmmft<D$tm±<D&B\zmkt£ti 
[id 1 4 ] id 1 iz^mmft<D&ffi±<D&c\cm%i£ti 

[hISta? ? — >- ^-TID x 7t> o 

[ID1 5] (D 1 (c^-r^ffi^co^ffi±^D{cMJH$^ 



[idi 6] *&wco{iLm&mmmvfo<DmMj&m*m*. 
tfHCTF-rmx&Zo 

imi7] *mM(DfcmM&7F-rmxhz> 0 
mis] *mw<Dj&mm&7r;-fmx&z> 0 

mi 9] ^o^v^-^^v>fc3#^rRj(ciBiis-5r 

[fiF^Olfc^] 
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[091 imi i] [mi 2] 
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[Hi 8] 



im i 9] 




13C 16 




F & — A 2F065 AA03 AA39 DD02 FF17 FF48 

GG04 GG12 HH02 HH03 HH04 
HH13 JJ03 JJ26 LL42 QQ38 
RR06 UU08 
2F103 BA43 CA03 CA04 DA13 EA03 
EA05 EA11 EA20 EB02 EB14 
EB15 EB32 
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